The loess derived soils of the Hinton district provide a record of soil formation for the entire postglacial period. Loess originates from the shorelines of BfiIe Lake and from the sandbars and braided channels of the Athabasca River.
Introduction
Postglacial loess constitutes the major soil parent material on surfaces of gentle to rugged relief over approximately 30 000 ha of the Hinton district. Dumanski and Pawluk (1971) described the loess as thickening toward the major source region, Bfile Lake, 22.5 km west of Hinton. They plotted the distribution of soils developed on this loess in the form of zones based on soil morphology and reaction (pH), and amongst other paleosols, they described a "paleo" Bm horizon that is found throughout this area at varying depths.
Data for the geochronological history of the area are scarce. In the Edson locality (80 km east of the study area) Roed (1968) reported marls and peat overlying a stratified deposit of deltaic sands to be approximately 9000 years BP. Hansen (1949) studied peat bogs east of the study area and for a bog near Entwistle reported a grasschenopod-composite maximum coinciding with a well-defined volcanic glass layer at 4.4 m depth. A second less-defined layer of volcanic glass was identified by Hansen near the surface in the same bog.
In this account the stratigraphic control provided by volcanic ash layers preserved in thick loess sections is used to interpret the record of loess accumulation and soil formation. A number of ash layers have been demonstrated in western Alberta. These have been characterized (Westgate et al. 1970; Westgate 1977) tional environments in the Hinton area. The study area extends from the entrance to Jasper National Park to 32 km east of the town of Hinton and lies 258 km due west of Edmonton, Alberta (Fig. 1) .
Field Investigations
Loess deposits of the Hinton district were examined in the exposed sections along the shore of Bfile Lake, at an outwash terrace bordering Maskuta Creek, at sites along the Jasper Highway, on terraces east of Hinton, and at a site along the Athabasca River at Pocahontas. The latter site is about 16 km west from Briile Lake (Fig. 1) . A type section for the loess containing three paleosol units and one volcanic ash layer was established at Bfile Lake, and representative columns3 were also described at Orchard, Maskuta Creek, and Pedley sites.4 Charcoal fragments were sampled for 14C analysis from several sites, particularly where these related to paleosol units. Samples were pretreated with dilute hydrochloric acid to remove ' The term "column" is used in the sense of an exposure of sufficient lateral extent to permit critical examination of contacts between layers.
41n this account the Orchard, Maskuta Creek, and Pedley sites are discussed in relation to the Briile Lake type section. secondary carbonates. Volcanic ash layers within loess sections and peat bogs were sampled and prepared for glass and oxide analyses according to procedures described by Smith and Westgate (1969) .
Loess and Paleosol Descriptions
Loess within the Hinton district is identified by its multilayered form, its lack of coarse sand and larger size fractions, and its appreciable carbonate content. Where the thickness of loess is 0.6 m or less it becomes effectively the solum of present-day soils. In these soils the "Paleo" Bm horizon of Dumanski and Pawluk (1971) and present-day Ah horizons (commonly multiple) can be readily identified. Where the thickness ranges from 1.2-6 m buried soil horizons (paleosols) are more clearly evident. Such paleosols are recognized by their yellowish-red or black colors which contrast with the olive-gray loess beds.
The loess contains free secondary carbonates and snail shells as do many late Glacial stage loess deposits in North America and Europe. These features, in keeping with the present-day Alberta climate, may relate to the late summer dry period. The yellowish-red coloured Bm horizons of paleosols preserved within the loess are similar in horizons are identified by their colour, which recolour to present-day B horizons of sandy flects incompletely humified organic constituents Brunisols and Podzols developed in analagous and often charcoal. The yellowish-red color of Bm climatic environments; they are, however, anom-horizons is due possibly to iron enrichment alous in terms of their chemical characteristics originating from impurities in the limestone frag- (Dumanski and Pawluk 1971) . ments present in the loess (Dumanski 1970 ). The B d e Lake type section, described in Table 1, The paleosol marking the base of loess bed 1, is considered to be representative of loess de-contains small charcoal fragments within the upper posits in the area. At this section the 6 m thickness Ah horizon. It lacks gritty material and pebbles and of loess rests on a paleosol (Ah/Bm) developed at has been developed from loess with some colluvial the contact between the loess and the underlying material. Charcoal is almost certainly the product kame terrace gravels. Bed 1, the lowermost loess of woody vegetation that has grown on this soil. unit, grades upwards from olive-yellow fine sandy One charcoal fragment analyzed for I4C dating inloam to olive-gray sandy loam without pedogenic cludes both charcoal and soil organic material. The disruption. This, in turn, is capped by a multiple date of 7250 years BP is a probable mean residence paleosol of three units, each with an Ah and Bm age for carbon in the Ah, as well as a maximum age horizon. Bed 2 is more uniform in colour and tex-for loess bed 1 and a minimum age for the underlyture, and contains some snail shells (1 cm diameter, ing paleosol. Consequently, it appears that site colidentified as gastropods (Roed 1968) ). It is weakly onization by vegetation began about 8000 years BP. stratified throughout with discontinuities marked Mazama ash dated 6600 years BP is identified as by thin, incipient fossil Ah horizons. The bed is also being incorporated at least in part within the capped by an Ah/Bm paleosol. Bed 3 is weakly paleosol. The paleosol unit capping loess bed 1 is stratified with a few thin incipient Ah horizons and comprised of 2-3 cm of dark gray-brown (10YR few snail shells. The upper section is sporadically 412) sandy loam Ah and 6-10 cm of yellowishtruncated. This bed contains no Ah/Bm paleosols, brown (7.5YR 414) loamy sand Bm. but sections that are complete grade up to a layer of The paleosol capping loess bed 2 comprises two multiple Ah soil horizons which are part of the horizons, each 5 cm thick, of very dark graypresent-day solum.
brown to black (7.5YR 211) loamy sand Ah enclosPaleosol units within the type section comprise ing a thin discontinuous band of charcoal fragsingle and multiple Ah and Ah/Bm horizons. Ah ments, and yellowish-brown (7.5YR 412) loamy sand Bm. A charcoal fragment of a woody stem sampled from the Ah horizon was dated at 4250 f 140 years BP (Isotopes 6061). Corrected for the assumed age of the sample material, this fragment recorded a fire between 4000 and 4500 years BP, which was followed shortly by a third major loess accumulation episode (loess bed 3). The charcoal date also provides a minimum age for the older St. Helens Yn ash, which lies 0.3 m below the charcoal layer. Age of this ash is considered to be at least ca. 4300 years BP.
There are a few, very thin (1-2.5 cm) Ah horizons within loess bed 3. This pattern is repeated in several of the other sections examined and testifies to intermittent loess accumulation with short hiati from ca. 4000 years to the present.
The Orchard and Pedley columns (Fig. 2) were generally similar to that described for Briilk Lake, but the Maskuta loess column was interpreted in the context of local loess supply, The basal loess and paleosol unit, with some characteristics similar to those at the Briile Lake column, were buried at 6600 years by Mazama ash. This event was followed immediately by active loess accumulation but controlled locally by the geomorphic configuration of the Maskuta Creek valley.
The paleosol records for loess columns along Briile Lake and at the Maskuta site show that two different types of paleosols (Ah and AhIBm) have been produced during generally equivalent time periods, in particular after 4300 years BP. At one site along B&le Lake detailed examination revealed a combination of AhIBm and Ah paleosols together with apparently disassociated thin Ah and Bm layers. In a pedologic sense this indicates that local rates of loess accumulation controlled pedologic development at individual sites. Rapid accumulation resulted in singular Ah horizons but slow, progressive accumulation produced AhlBm soils.
Volcanic Ash Identification
One ash layer from Pocahontas and from the Briile Lake section, previously reported by Dumanski (1970) and known to be older than 3500 years (respectively, 3865 $. 100 years BP from charcoal sampled 0.5 rn above the ash, Isotopes evidence and Westgate's conclusions, this ash was assumed to be the older member of St. Helens Yn ash. It was correlated with a single layer of similar age at the type section, B&l& Lake, and within each of three further loess sections along B&le Lake.
Within the Maskuta Creek loess column two ash layers were identified. These were characterized as Mazama ash, lower ash, and the okder member of St. Helens Yn ash, upper ash. Similar relationships were inferred for the Orchard and Pedley loess columns, but these were not verified in the laboratory.
It was concluded that of the three volcanic ash deposits in the Hinton area, Mazama ash was rarely well preserved, and then only towards the base of loess sections. The older member of St. Helens Yn ash was well preserved within thick loess sections and the relatively thin younger member of St. Helens Yn ash, although identifiable on occasion, was poorly preserved within any of the loess sections.
Stratigraphic Correlations

-
The major loess and paleosol units predating 4300 years BP can be relatively closely correlated as indicated in Fig. 2 Dumanski (1970) as the Orchard and Pedley soil series. Correlation (Fig. 2) shows basal control with Mazama ash and with ash identified within the column from volcanic glass counts (Dumanski 1970) . Both loess columns are considered to record a positive net accretion (minimum erosion) since the sites were colonized by vegetation. The Maskuta loess column included in the correlation provides control by two time planes, but direct correlation of individual loess units is not inferred. The relatively consistent identification of the older member of St. Helens Yn ash at most sites indicates an episode of active loess accumulation coincident with the fall of this ash.
Rate of Loess Accumulation and Rate of Soil
Formation A mean rate of loess accumulation has been calculated for several sites. For the last 8000 years at BSle Lake, an area of active accretion, the rate is 0.7 mm year-'; the rate is similar at Pocahontas. At other less actively accreting sites and at a distance SCI. VOL. 17, 1980 from the source, a rate as low as 0.2 mm year-' has been calculated.
A "rate of soil formation" may be expressed as a relative function interpreting the major periods of loess hiatus and of soil formation from the paleosol record. For the period from 8000 years BP to 4300 years BP a maximum of five episodes of accumulation and four episodes of soil formation may be recognized (at certain sites the number of recognizable episodes are only three and two respectively). For the Maskuta site this period may be split into 8000-6600 years BP with two periods of soil formation, and 6600-4300 years BP with a further six periods of soil formation.
A corresponding treatment during the last 4300 years reveals greater variation in the number of episodes from one site to another. At Pocahontas where the record is complete there are four episodes represented by Ah/Bm paleosols and a further four, at least, by Ah horizons. A complete record at Maskuta Creek reveals as many as eight episodes, all represented only as Ah horizons.
An earlier study (Dumanski and Pawluk 1971) described a thick, distinct, yellowish-red "paleo" B horizon that is found throughout the region. This horizon appears very near the soil surface at the eastern extremity of the study area, but becomes buried progressively deeper and ultimately disappears as Brille Lake is approached. This field evidence coupled with classic pedogenetic theory tends to indicate a regional hiatus in loess deposition of sufficient duration to allow for the development of this horizon. The tephrochronological and I4C studies, however, indicate loess deposition to have occurred continuously, but at irregular rates throughout the Holocene. Thus, it is more logical to interpret pedogenesis in this area relative to differing rates of loess accretion, bearing in mind that loess accumulation varied both as a function of time and distance from the source.
Assuming the presence of forest vegetation throughout most of the area after ca. 8000 years BP (as evidenced by the character of charcoal fragments), rapid rates of loessal ac~umulation would result in the surface incorporation of organic materials and the development of Ah horizons of a cumulic character. If rates of loess deposition were irregular, such horizons would be weakly stratified and contain thin incipient B horizons, and this is substantiated by field observations.
If the rate of loess accumulation exceeded a certain critical level (which could not be calculated) this horizon would be buried, and would appear in the stratigraphic column as an Ah paleosol. Conversely, decreased rates of accumulation would result in the formation of Bm horizons through the oxidation of organic matter and the decomposition of fine-grained, carbonate fragments. Iron is a common impurity in the carbonates, and as it was released and disseminated through weathering it would impart the character of a Bm horizon to the upper few centimetres of the soil (Dumanski et a / . 1972). As loess continued to accrete, but at very slow rates, this process would continue resulting in the upward growth of the Bm horizon. Given enough time this would result ultimately in the distinct "paleo" B horizon of Dumanski and Pawluk (1971) . Any subsequent increases in the rate of loess deposition, particularly if relatively sudden and regional in character such as those which occurred after ca. 4300 years BP, would result in the burial of this horizon and its preservation in the stratigraphic column as a Bm or possibly Ah/Bm paleosol. Thus, at any point in time the soil at one site relative to another would have been developing under unlike conditions due to differing rates of deposition, resulting in soils with varying morphologies. Figure 3 illustrates the change in soil morphology relative to time and distance from the loess source.
Conclusion
(1) Loess in the Hinton area of Alberta provides a continuous record of soil formation for almost 8000 years. Throughout this time forest vegetation has predominated and there have been periodic fires of presumed local extent. Soil morphology points to the absence of marked climate change during the Holocene, but the circumstances of enhanced loess deposition after 4000 years BP may reflect gradual change.
(2) Sandbars and braided stream channels at the head of Briile Lake and also along the lake margin have been the major source of loess during this period for this region. Loess accretion is irregular in the form of brief periods of active deposition interspersed with long periods of minor deposition.
The cycles are both seasonal and long term. Low river Rows in the fall exposing source sediments provide seasonal control, whereas progressive aggradation may account for longer term control.
Loess deposition increased appreciably at the southern end of the lake from ca. 4000 years BP, but was marked at the northern end by many hiati until the main increase after ca. 3000 years BP. This interpretation appears consistent with progressive aggradation and extension of the generating source area but it could reflect also a changing status of glaciers supplying the Athabasca River.
(3) Loess is transported by northeasterly winds channeled through the Athabasca River Valley. There are no wind data appropriate to this area nor is there a long term local observer record.
(4) Loess deposition was continual throughout the Holocene, but occurred at irregular rates relative to distance from the source and time. Pedogenesis occurred contemporaneously with loess accretion. Differing soil horizons were attributed to varying rates of deposition.
